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APPARATUSES AND METHOD FOR TRANSFERRING AND/OR PRE- 
PROCESSING MICROELECTRONIC WORKPIECES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is related to pending U.S. Patent Application No. 

09/875,439 (Attorney Docket 291 95.81 03US) and 09/875,300 (Attorney Docket 
291 95.81 53US), both filed June 5, 2001 and both incorporated herein in their 
entireties by reference. 

TECHNICAL FIELD 

[0002] The present invention is directed toward apparatuses and methods for 

transferring microelectronic workpieces, for example, from one robot to another, 
and can include temporarily storing, identifying, aligning and/or othenvise pre- 
processing the workpieces prior to conducting subsequent processes. 

BACKGROUND 

[0003] Microelectronic devices, such as semiconductor devices and field emission 

displays, are generally fabricated on and/or in microelectronic workpieces using 
several different types of machines ("tools"). Many such machines have a single 
processing station that performs one or more procedures on the workpieces. 
Other processing machines have a plurality of processing stations that perform a 
series of different procedures on individual workpieces or batches of workpieces. 
In a typical fabrication process, one or more layers of conductive material are 
formed on the workpieces during the deposition stages. The workpieces are then 
typically subjected to etching and/or polishing procedures (i.e., planarization) to 
remove a portion of the deposited conductive layers for forming electrically 
isolated contacts and/or conductive lines. 
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(0004] Plating tools that plate metal or other materials on the workpieces are 

becoming an increasingly useful type of processing machine. Electroplating and 
electroless plating techniques can be used to deposit nicl<el, copper, solder, 
permalloy, gold, silver, platinum and other metals onto workpieces for forming 
blanket layers or patterned layers. A typical metal plating process involves 
depositing a seed layer. onto the surface of the workpiece using chemical vapor 
deposition (CVD), physical vapor deposition (PVD), electroless plating processes 
or other suitable methods. After forming the seed layer, a blanket layer or 
patterned layer of metal is plated on the workpiece by applying an appropriate 
electrical potential between the seed layer and an electrode in the presence of an 
electrolytic solution. Alternatively, the blanket layer can be applied to the 
workpiece using electroless processing techniques. In either process, the 
workpiece is then cleaned, etched and/or annealed in subsequent procedures 
before transferring the workpiece to another processing machine. 

[0005J The foregoing operations are typically conducted within a single enclosed 

clean or "mini" environment in a processing tool. In a typical arrangement, a 
plurality of individual workpieces are brought to the tool in a portable container 
which defines another clean mini environment. A door of the container is placed 
flush against a door of the tool, and both doors are opened together to reduce the 
likelihood for introducing contaminants into the enclosure surrounding the tool. 
The workpieces are then moved into the enclosure. 

[0006] Prior to processing the workpieces within the enclosure, the workpieces are 

identified by scanning a code or other identifying characteristic on the workpieces, 
for example with a bar code reader or other optical character recognition (OCR) 
system. The workpieces can also be aligned, for example, when the scan code or 
other identifying characteristic is positioned at a predetermined position relative to 
a recognizable feature of the workpiece, such as a notch or flat edge. This 
prealignment technique can also be used to precisely position the workpiece for 
subsequent processes that require the workpiece to have a specific orientation. 
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[0007] One existing arrangement for carrying out the prealigning and identification 

functions described above is to have a single robot retrieve worl^pieces one by 
one from the portable workpiece container, place the workpieces in a prealigner 
device, and then move the workpieces to downstream process chambers. 
Another existing approach is to have one robot remove the workpieces one by 
one from the container, deliver the workpieces one by one to a prealigner, then 
move the workpieces one by one to a transfer station. A second robot retrieves 
the workpieces from the transfer station, moves the workpieces among the 
appropriate processing stations, and returns the workpieces to the transfer station 
when the processes are complete. The first robot then moves the processed 
workpieces one by one to the original container or another container. 

[0008] One drawback with the foregoing multi-robot approach is that the first robot 

may not operate efficiently because it must move each workpiece twice (once to 
the prealigner and once to the transfer station) before the workpiece is handed off 
to the second robot. Another drawback with this approach is that the first robot 
cannot operate entirely independently of the second robot because once the 
transfer station is occupied by a workpiece, the first robot cannot deliver another 
workpiece to the transfer station until the first workpiece is removed by the second 
robot. 

SUMMARY 

[0009] The present invention is directed toward apparatuses and methods for 

handling microelectronic workpieces. One aspect of several embodiments of the 
invention includes a tool having an input/output station or location configured to 
removably receive microelectronic workpieces, and at least one process station 
configured to perform a selected process on the microelectronic workpieces. A 
first robot or other transfer device moves the microelectronic workpieces between 
the input/output location and a transfer station, and a second robot or transfer 
device moves the microelectronic workpieces from the transfer station to the 
process stations of the tool. Several embodiments of the invention are directed to 
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improving ttie efficiency of the interaction between the first and second robots, for 
example, by providing the transfer station with a storage station that can carry 
multiple microelectronic workpieces awaiting pickup by the first robot and/or the 
second robot. In another aspect of the invention, the transfer station can include 
features that identify and/or align the microelectronic workpieces before they are 
processed. By combining these features in a single station, the footprint of the 
tool is reduced and the efficiency with which microelectronic workpieces are 
moved throughout the tool is improved. 

[0010] In a particular embodiment, the apparatus includes a pre-process station 

configured to identify and/or align the microelectronic workpiece, and a storage 
station configured to carry a plurality of microelectronic workpieces. At least a 
portion of one of the pre-process station and the storage station overlaps at least 
a portion of the other. In a more particular embodiment, the storage station and 
the pre-process station support microelectronic workpieces coaxially. Accordingly, 
the first robot can position microelectronic workpieces at different locations along 
a single axis (instead of different locations along three axes), depending on 
whether the workpieces are to be pre-processed or temporarily stored. 

[0011] A method in accordance with one aspect of the invention includes receiving 

a plurality of microelectronic workpieces at an input/output location of the process 
tool and transferring at least one of the microelectronic workpieces directly from 
the input/output location to a pre-process station with a first transfer device. The 
microelectronic workpiece is identified and/or aligned at the pre-process station, 
and then transferred directly to a process station with a second transfer device. In 
another aspect of the invention, a plurality of microelectronic workpieces can be 
positioned in a storage station for pickup and/or drop off by the first robot and/or 
the second robot. 



[291 95-8222/SL021 840.048] 



7/15/03 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0012] Figure 1 is an isometric view of a processing tool having an input/output 

arangement for handling microelectronic workpieces in accordance with an 

embodiment to the invention. 
[0013] Figure 2 is a rear isometric view of an embodiment of the input/output 

station shown in Figure 1 . 
[0014] Figure 3 is a top plan view of an embodiment of the input/output station 

shown in Figure 1 . 

DETAILED DESCRIPTION 

[0015] The following description discloses the details and features of several 

embodiments of input/output stations, integrated tools and associated methods for 
handling and processing microelectronic workpieces. The term "microelectronic 
workpiece" is used throughout to include a workpiece formed from a substrate 
upon which and/or in which microelectronic circuits or components, data storage 
elements or layers, and/or micro-mechanical elements are fabricated. It will be 
appreciated that several of the details set forth below are provided to describe the 
following embodiments in a manner sufficient to enable a person skilled in the 
relevant art to make and use the disclosed embodiments. Several of the details 
and advantages described below, however, may not be necessary to practice 
certain embodiments of the invention. Additionally, the invention can include other 
embodiments that are within the scope of the claims but are not described in detail 
with respect to Figures 1-3. 

[0016] Figure 1 is an isometric view of a processing tool or machine 100 having 

processing stations 110 and an input/output station 140 in accordance with an 
embodiment of the invention. A portion of the processing tool 100 is shown in cut- 
away view to illustrate selected intemal components. In one aspect of this 
embodiment, the processing tool 100 includes a cabinet or enclosure 102 that at 
least partially isolates an interior region 104 from an exterior region 105. The 
enclosure 102 includes one or more apertures 144 and coresponding doors 145 
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(four of each are shown in Figure 1) through which the microelectronic workpieces 
move between the exterior region 105 and the interior region 104 via the 
input/output station 140. 

[0017] The input/output station 140 has one or more containers supports 141 (four 

are shown in Figure 1) that are each housed in a protective shroud 143. The 
container supports 141 are configured to position worl^piece containers 142 at an 
input/output location (such as the apertures 144) of the tool 100. The workpiece 
containers 142 each house a plurality of microelectronic workpieces 101 in a 
"mini" clean environment suitable for carrying the workpieces 101 through other 
environments that are not at clean room standards. In one embodiment, each of 
the workpieces containers 142 is accessible from the interior region 104 of the 
enclosure 102 through a corresponding one of the apertures 144 by opening the 
corresponding door 145. The workpieces 101 are then moved into the enclosure 
102. In another embodiment, the microelectronic workpieces 101 can be 
introduced to the tool 100 via other input/output locations. For example, the 
microelectronic workpieces 101 can be introduced automatically through different 
types of openings from different types of workpiece containers 142, or the 
microelectronic workpieces 101 can be introduced manually. In any of these 
embodiments, once the workpieces 101 are inside the enclosure 102, they 
undergo processes at one or more of the processing stations 110. 

[0018] In one embodiment, the processing stations 110 include clean/etch 

capsules, annealing stations, metrology stations, deposition stations, and/or other 
stations configured to perform processes associated with the fabrication of 
microelectronic devices and interconnecting circuitry. A process transfer device 
130 moves the microelectronic workpieces 101 among the processing stations 
110. In one aspect of this embodiment, the process transfer device 130 includes 
a linear track 131 extending in a lengthwise direction in the interior region 104 
between the processing stations 110. The process transfer device 130 further 
includes a robot unit 132 supported by the track 131. In a particular embodiment 
shown in Figure 1, a first set of processing stations 110 is arranged along a first 
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row R1, and a second set of processing stations 110 is an-anged along a second 
row R2. The linear track 131 extends between the first and second rows of 
processing stations 110, and the robot unit 132 is movable to access any of the 
processing stations along the track 131. When the microelectronic workpleces 
1 10 are processed, the robot unit 132 returns them to the input/output station 140. 

[00191 Figure 2 is a rear isometric view of an embodiment of the input/output 

station 140 shown in Figure 1. In one aspect of this embodiment, the input/output 
station 140 includes two transfer stations 180 and two corresponding input/output 
transfer devices 150, one of which is visible in Figure 2. Each input/output 
transfer device 150 shuttles microelectronic workpieces 101 between the 
conresponding transfer station 180 and the workpiece containers 142. In one 
aspect of this embodiment, each input/output transfer device 150 has access to 
one of the transfer stations 180 and two of the workpiece containers 142. In other 
embodiments (for example, when the input/output station 140 is configured to 
handle more than or fewer than four workpiece containers 142 simultaneously), 
the input/output station 140 has other arrangements. For example, in some 
embodiments, the input/output station 140 includes other numbers of input/output 
transfer devices 150 and transfer stations 180. In any of these embodiments, the 
process transfer device 130 (Figure 1) retrieves the microelectronic workpieces 
101 from the transfer station(s) 180 for processing, and returns the microelectronic 
workpieces 101 to the transfer station(s) 180 after processing. 

[0020] In one embodiment, each transfer station 180 includes a pre-process 

station 160 having an aligner 162. The aligner 162 includes a chuck or other 
support device that releasably carries one of the microelectronic workpiece 101 
and rotates or othenwise changes the orientation of the microelectronic workpiece 
101. An identifier 161 (such as an optical character recognition or OCR device) 
scans the microelectronic workpiece 101 as it moves. Accordingly, the identifier 
161 (a) determines when the microelectronic workpiece 101 is in a selected 
orientation, and/or (b) determines the identity of the microelectronic workpiece 
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101. Suitable aligners 162 and identifiers 161 configured to cany out these 
functions are available from Genmark Automation, Inc. of Sunnyville, California. 
[0021] In a further aspect of this embodiment, each transfer station 180 includes a 

storage station 170 at least proximate to the pre-process station 160. The storage 
station 170 is configured to releasably support a plurality of microelectronic 
workpieces 101. Accordingly, the input/output transfer device 150 and the 
process transfer device 130 (Figure 1) are able to move the microelectronic 
workpieces 101 into and/or out of the transfer station 180 at different rates without 
delaying each other. 

[0022] In one embodiment, each storage station 170 includes a plurality of 

workpiece supports 171 . For example, in an embodiment shown in Figure 2, each 
storage station 170 includes five workpiece supports 171, and in other 
embodiments, the storage stations 170 include other numbers of workpiece 
supports 171. In any of these embodiments, the workpiece supports 171 include 
support posts 172 or other devices that releasably carry the microelectronic 
workpieces 101. In one aspect of these embodiments, the support posts 172 or 
other devices support the peripheral edges of the microelectronic workpieces 101, 
and in other embodiments, the support posts 172 or other devices contact other 
parts of the workpieces 101. 

[0023] In one embodiment, the storage station 170 is positioned above the pre- 

process station 160 along an axis 173. In another embodiment, the relative 
positions of the storage station 170 and the pre-process station 160 are reversed. 
The relative positions of these components may be selected based upon the 
expected use for the components. For example, when microelectronic workpieces 
101 are typically moved directly from the workpiece containers 142 to the aligner 
162, the aligner 162 is positioned beneath the storage station 170 because the 
workpieces 101 retrieved directly from the workpiece containers 142 are more 
likely than others to carry loose particles. By positioning the aligner 162 beneath 
the storage station 170, loose particles falling from a microelectronic workpiece 
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101 in the aligner 162 are less likely to contaminate other microelectronic 
workpieces, such as those positioned (above) in the storage station 170. 

[0024] Figure 3 is a top plan view of an embodiment of the input/output station 140 

described above with reference to Figures 1 and 2. As shown in Figure 3, the 
aligner 162 and the storage station 170 are coaxial in one aspect of this 
embodiment. For example, microelectronic workpieces 101 positioned in the 
aligner 162 are centered on the same axis 173 as microelectronic workpieces 101 
positioned in the storage station 170. Accordingly, the axis 173 extends generally 
perpendicular to the plane of workpieces 101 positioned in both the aligner 162 
and the storage station 170. An advantage of this arrangement is that each 
input/output transfer device 150 is configured to deliver all the microelectronic 
workpieces 101 to a single location in the XY plane. Accordingly, the only variable 
to be determined when positioning a microelectronic workplece 101 at the transfer 
station 180 Is which Z location (along the axis 173) the microelectronic workpiece 
101 is destined for. As a result, the input/output transfer device 150 and/or the 
instructions required to operate the input/output transfer device 150 are simpler 
when compared with an arrangement in which the destination for each 
microelectronic workpiece 101 can have any of a wide variety of coordinates in 
three-dimensional space. 

[0025] The operation of the tool 100 in accordance with several embodiments of 

the invention is described below with reference to Figures 1-3. In one 
embodiment, each input/output transfer device 150 retrieves each microelectronic 
workpiece 101 from a corresponding one of the workpiece containers 142 and 
delivers the microelectronic workpiece 101 directly to the aligner 162. After the 
microelectronic workpiece 101 has been aligned and/or identified, the process 
transfer device 130 retrieves the microelectronic workpiece 101 directly from the 
aligner 162 and routes the workpiece 101 to one or more of the processing 
stations 110. When the microelectronic workpiece 101 has been processed, the 
process transfer device 130 returns the microelectronic workpiece 101 to the 
storage station 170. The input/output transfer device 150 retrieves the 
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microelectronic worl^piece 101 from the storage station 170 and returns it to the 
same or a different workpiece container 142. 

[0026] In another embodiment, for example when the microelectronic worl<pieces 

101 are removed from the containers 142 and aligned/identified more quickly than 
they are processed in the process stations 110, the input/output transfer device 
150 first positions the microelectronic workpieces 101 in the aligner 162 and then 
moves the microelectronic workpieces 101 to the storage station 170, where they 
are later retrieved by the process transfer device 130. 

[0027] In a method in accordance with still another embodiment (for example, 

when the pre-process station 160 does not include an aligner 162 or identifier 161, 
or where the functions provided by these devices are unnecessary), the 
input/output transfer device 150 positions the microelectronic workpieces 101 
directly in the storage station 170. Accordingly, the pre-process station 160 can 
be deactivated or eliminated from the tool 100. The process transfer device 130 
then retrieves the microelectronic workpieces 101 directly from the storage station 
170, and returns the processed microelectronic workpieces 101 back to the 
storage station 170. 

[0028] As described above, one advantage of an embodiment of the tool 100 is 

that the input/output transfer device 150 moves microelectronic workpieces to the 
same point in the XY plane at the transfer station 180, whether the microelectronic 
workpieces 101 are positioned in the storage station 170 or the pre-process 
station 160. Another advantage of an embodiment of the apparatus 100 is that 
the microelectronic workpieces 101 are retrieved directly from the aligner 162 by 
the process transfer device 130. This is unlike some existing arrangements in 
which the microelectronic workpiece 101 must be moved by an input/output robot 
first to an alignment device and then to a handoff station before being retrieved by 
the process robot. 

[0029] Another feature of an embodiment of the tool 100 described above with 

reference to Figures 1-3 is that the pre-process station 160 and the storage 
station 170 at least partially overlap each other. Accordingly, the respective 
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footprints of each of these devices (i.e.. the outline of the devices projected into 
the XY plane) also overlap each other, and the combined footprint of the two 
devices is reduced compared to an arrangement in which these devices are 
merely adjacent to each other or spaced apart laterally from each other. An 
advantage of this arrangement is that the overall footprint of the tool 100 can be 
reduced, which in turn reduces the operating cost of the tool 100 by reducing the 
amount of clean room floor space occupied by the tool 100. 
[0030] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. For example, in one embodiment, the microelectronic workpieces 101 
are identified without being aligned. Accordingly, the pre-process station 160 
includes an identifier 161, but not an aligner 162. In further embodiments, the pre- 
process station 160 is eliminated. In these embodiments, the input/output transfer 
device 150 moves the microelectronic workpieces 101 directly to the storage 
station 170. where the process transfer device 130 retrieves the microelectronic 
workpieces 101 for processing. Accordingly, the invention is not limited except as 
by the appended claims. 
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